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(54) Lubricating oil compositions 

(57) Lubricating oil compositions comprise a lubricating base oil and (A) at least one compound selected from the 
group consisting of compounds represented by formula (1 ) below and compounds represented by formula (2) below: 



v v. X V°~ R * 



X 2 



wherein R 1 , R 2 , R 3 and R« are each independently hydrogen or a hydrocarbon group having 1 to 30 carbon atoms, 
X 1 , X 2 , X 3 and X* are each independently oxygen or sulfur, but at least one of them is oxygen, and Visa metal atom; and 



(2) 



wherein R 11 and R 18 are each Independently hydrogen or a hydrocarbon group having 1 to 30 carbon atoms. X 11 and 
X 12 are each independently oxygen or sulfur, but at least one of them is oxygen, U Is a monovalent metal ion, an 
ammonium Ion or a proton, and k 1 is an integer of 1 to 20. Lubricating oO compositions have excellent anti-wear prop- 
erties and base number maintaining properties. 
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[0001] This invention relates to lubricating oil compositions, and more particularly to lubricating oil compositions 
which contain the metal salt or amine salt of thiophosphate or of phosphate and are decreased in sulfur content and 
excellent in the ability to maintain the total base number of lubricating oil composition. 

[0002] Zinc dielkyldithiophosphate (ZDTP) has excellent anti-wear and anti-oxidation properties and thus has been 
used as an essential additive in lubricating oOs for such as internal combustion engines or hydraulic oils and in every 
sort of lubricating oils. 

[0003] On the other hand, auHur-based additives such as zinc dialkyldithiocart)amate(ZDTC) or others are used In 
lubricating oil to keep anti-wear property instead of ZDTP_as disclosed in Japanese Patent Lafd-Open Publication 
Nos. 52-704, 62-253691, 63-304095, and 6-41568 and Published Japanese Translation Nos. 62-501572, 62-501917, 
and 1-500912. The lubricating oils disclosed in these publications contain a large quantity of sulfur similarly to those 
containing ZDTP. Such lubricating oils are poor In oxidation stabiBty and tend to be accelerating ly decreased in total 
base number of the composition. 

[0004] After an extensive research and study on the ability to maintain the base number of lubricating oils containing 
a large amount of sulfur in the process of the degradation, it was found that the oxidation or thermal decomposition of 
a compound containing sulftj r-based additives, such as ZDTP results in the formation of sulfuric acid which significantly 
decreases the total base number of the composition and deteriorates the high-temperature detergency at a temperature 
exceeding 300 °C. It was also found that when recent low-sulfurized gasolines and gas oils, or alternative fuels such 
as LPG and natural gas are used as fuel particularly in an Internal combustion engine, the decomposition of the sulfur- 
based additive such as ZDTP itself significantly affects the total base number maintaining properties and high-temper- 
ature detergency of the lubricating oil. Therefore, it becomes necessary to optimize the wear inhibitor such as ZDTP 
so as to obtain a longer drain-interval oil than conventional oils while keeping the anti-wear properties thereof. Fur- 
thermore, organic molybdenum compounds such as molybdenum dithiocarbamate and molybdenum dithiophosphate 
are found to be most effective in order to impart fuel efficiency and thus have been used. However, since these com- 
pounds contain a large amount of sulHir, they can not improve the total base number maintaining properties and high- 
temperature detergency and thus fail to obtain both long drain properties and fuel efficiency. 
[0005] The object of the present invention is to provide a lubricating oil composition which can maintain or enhance 
anti-wear properties even though decreased In the amount of conventional ZDTP or containing no ZDTP at all and 
which has excellent long drain properties by suppressing the decrease of the total base number resulting from the 
deterioration of the lubricating oil. Another object of the present invention is to provide a lubricating oil composition 
with high-temperature detergency and fuel efficiency and low sutfur content 

[0006] After an extensive research and study made so as to solve the foregoing problems, the present invention was 
achieved by rinding that the use of specific phosphorus-containing compounds represented by formulae (1) and/or (2) 
described hereinafter can produce a lubricating oil composition which can suppress the decrease of the base number 
resulting from the deterioration of the lubricating oil while maintaining anti-wear properties which are substantially 
equivalent to or better than those of ZDTP and are excellent In high-temperature detergency and fuel efficiency. 

BRIEF SUMMARY OF THE INVENTION 

[0007] According to the present invention, there is provided a lubricating oil composition which comprises a lubricating 
base oil and (A) at least one compound selected from the group consisting of compounds represented by the formula 



wherein R 1 , R 2 , R3 and R 4 are each independently hydrogen or a hydrocarbon group having 1 to 30 carbon atoms, 
X 1 , X 2 , X3 and X* are each Independently oxygen or suHur, but at least one of them is oxygen, and Y 1 is a metal atom; 
and compounds represented by the formula 




2 
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X(U X ») (2) 



wherein R 11 and R 12 are each independently hydrogen or a hydrocarbon group having 1 to 30 carbon atoms. X" and 
X 12 are each independently oxygen or sulfur, but at least one of them is oxygen, U is a monovalent metal ion, an 
ammonium ion or a proton, and k 1 is an integer of 1 to 20. 

BRIEF DESCRIPTION OF THE DRAWINGS 



FIG. 1 is a graphical plot of the change of total base number against time of the lubricating oil compositions of 
Inventive Examples 1 to 5 and Comparative Example 1 measured in accordance with ISOT. 
FIG. 2 is a graphical plot of the change of total base number against time of the lubricating oil compositions of 
Inventive Examples 7 and 8 and comparative Example 1 measured in accordance with ISOT. 
FIG. 3 is a graphical plot of the change of total base number against time of the lubricating oil compositions of 
Inventive Examples 1 to 3 and Comparative Example 1 measured in accordance with NOx absorbing test 
FIG. 4 is a graphical plot of the change of total base number against time of the lubricating oil compositions of 
Inventive Examples 7 and 8 and Comparative Example 1 measured in accordance with NOx absorbing test 
FIG. 5 is a graphical plot of the change of total base number against time of the lubricating oil compositions of 
Inventive Examples 9 end 10 and Comparative Example 1 measured In accordance with NOx absorbing test. 
FIG. 6 is a graphical plot of the change of total base number against time of the lubricating oil compositions of 
Inventive Examples 11 and 13 and Comparative Example 3 measured in accordance with the 1 GFE high-temper- 
ature oxidation test of JASO. 

FIG. 7 Is a graphical pkrt of the change of add number increase against time of the lubricating oil compositions of 
Inventive Examples 11 and 13 and Comparative Example 3 measured in accordance with the 1 GFE high-temper- 
ature oxidation test of JASO. 

FIG. 8 is a graphical plot of the change of kinematic viscosity increase rate at 40*C against time of the lubricating 
oil compositions of Inventive Examples 11 and 13 and Comparative Example 3 measured in accordance with the 
1 GFE high-temperature oxidation test of JASO. 

DETAILED DESCRIPTION OF THE INVENTION 

[0009] The lubricating oil composition of the present invention comprises a lubricating base oil and Component (A) 
which is a compound represented by formula (1) and/or (2). 

[0010] No particular limitation Is Imposed on the lubricating base oil which, therefore, may be any base oil which can 
be used in ordinary lubricating oils. No particular limitation la imposed on the kinematic viscosity of the base oil , either. 
However, the upper limit at 100 °C is preferably 50 mnrvVs. and more preferably 40 mm%. When the lubricating oil 
composition is used in an internal combustion engine, the upper fimit is preferably 20 mm^s, and more preferably 10 
mm 2 /*. The lower limit is preferably 1 mm 2 /*, and more preferably 2 mm 2 /*. A base oil in excess of the upper limit of 
kinematic viscosity at100°C results in a lubricating oil composition which is deteriorated in low-temperature viscosity 
properties, while a base oQ of less than the lower limit results In a lubricating ofl composition which is insufficient in the 
film formation ability at parts to be lubricated and increased in evaporation loss. 

[001 1] No particular limitation is imposed on the viscosity index of the lubricating base oil. However, it is preferably 
80 or more. If the viscosity index is less than 80, the resulting oil composition is deteriorated in low-temperature viscosity 
properties. The viscosity index of the base oil is preferably 100 or greater, more preferably 110 or greater, and partic- 
ularly preferably 1 20 or greater so that excellent viscosity properties can be obtained, ranging from lower temperatures 
to higher temperatures. This Is particularly important when the oil is used for en internal combustion engine. 
[0012] No particular limitation is Imposed on the sulfur content in the lubricating oil composition. However, the sulfur 
content is preferably 0.1 percent by mass or less, more preferably 0.01 percent by mass or less, and particularly 
preferably 0.005 percent by mass or less or substantially no sulfur (0.001 percent by mass or less). 
[0013] No particular limitation is Imposed on the upper limit total aromatic content of the base oil. However, the upper 
limit is preferably 30 percent by mass, more preferably 1 5 percent by mass, further more preferably 5 percent by mass, 
and particularly preferably 2 percent by mass. If the total aromatic content of the base oil is in excess of the upper limit. 



[0008] 
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the resulting lubricating oil composition is poor In oxidation stability. 
[0014] The term "total aromatic content" denotes an aromatic fraction content measured in accordance with ASTM 
D2549. The aromatic fraction includes anthracene, phenanthracene, and alkylated products thereof, compounds 
wherein four or more benzene rings are condensated to each other, and compounds having heteroaromatics such as 
pyridines, qulnollnes, phenols and naphthols other than alkylbenzenes and alkylnaphthalenes. 
[001 5] Eligible lubricating base oils are mineral lubricating oils, synthetic lubricating oils or mixtures of two or more 
of the mineral and synthetic lubricating oils, mixed In an arbitrary ratio. 

[0016] For example, the mixture may be a mixture of one or more mineral oils, a mixture of one or more synthetic 
oils, and a mixture of one or more mineral oils and one or more synthetic oils. 

[0017] Specific examples of the mineral lubricating oil are those which are produced by subjecting lubricant fractions 
resulting from the atmospheric distillation and the vacuum distillation of crude oil to one or more refining processes 
such as solvent deasphaiting, solvent extraction, hydrocracking, solvent dewaxing, and hydrorefirting in suitable com- 
bination. 

[00iq Specific examples of the synthetic oil are polybulens and hydrides thereof; poly-ocroiefins such as 1-octene 
oligomer and 1-decene oligomer and hydrides thereof; diesters such as ditridecyl glutarate, di-2-ethyihexyl adipate, 
diisodecyl adipate, ditridecyl adipate, and di-2-ethylhexyt sebacate; polyol esters such as trimethylol propane caprylate, 
trimethylolpropane pelargonate, pentaerythritol-2-ethyl hexanoate, and pentaerythiitol peiargonate; and aromatic syn- 
thetic oils such as alkylnaphthaienes and alkylbenzenes. 
[0019] Component (A) is now described. 

[0020] Component (A) may be a compound of formula (1) below, i.e.. the metal salt of thiophosphate or phosphate 



[0021] In formula (1). R 1 , R 2 , R* and R 4 are each Independently hydrogen or a hydrocarbon group having 1 to 30 
carbon atoms. X 1 , X 2 , X 3 and X 4 are each independently oxygen or sulfur but at least one of them is oxygen. Y 1 is a 
metal atom. 

[0022] Examples of the hydrocarbon group of R 1 , R 2 , R 3 and R 4 are straight-chain or branched alkyl groups, cyclic 
alkyl groups which may have substltuents, straight-chain or branched alkenyl groups, un substituted or elkyl-substituted 
aryf groups, and aryialkyf groups. 

[0023] Specific examples of the straight-chain or branched alkyl groups are methyl, ethyl, propyl, butyl, pentyl, hexyl, 
heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl and octadecyl 
groups. 

[0024] Specific examples of the cyclic alkyl groups which may have substituents are cycioalkyi groups having 5 to 
7 carbon atoms such as cyclopentyi, cyclohexyl and cyctoheptyl groups, and alkyl cycioalkyi groups having 6 to 11 
carbon atoms wherein the position of the alkyl group may vary, such as metyfcyclopenthyl, dimetyicyclopenthyl, meth- 
ylethylcy do pentyl, diethyicydopentyl, methylcycJohexyl, cfimethyl cyclohexyl, methylethylcydohexyl, diethyl cyclohexyl, 
methylcyctoheptyl, dimethylcycloheptyl, methylethylcy do heptyl, and diethyl cydoheptyl groups. 
[0025] Specific examples of the straight-chain or branched alkenyl groups are those having 2 to 30 carbon atoms 
wherein the position of the double bond may vary, such as butenyl, pentenyl, hexcenyl, hepteneyl, odenyl, nonenyl, 
decenyl, undecenyl, dodecenyl, tridecenyl, tetradecenyl, pentadecenyl, hexadecenyi, heptadecenyl. and octadecenyl 
group. 

[0026] Specific examples of the unsubstrtuted or alkyl-substftuted aryl groups are aryt groups having 6 to 1 8 carbon 
atoms such as phenyl and naphtyl groups, and alkytaryl groups having 7 to 26 carbon atoms wherein the alkyl group 
may be straight-chain or branched and may bonded to any position of the aryl group, such as tolyl, xylyl, eihyiphenyl, 
propylphenyl, butylphenyl, pentylphenyl, hexylphenyl, heptylphenyl, octylphenyl, nonylphneyl. decyl phenyl, undecyl- 
phenyl, dodecylphenyi, diethylphenyl, dibutylphenyl and dioctyipheny] groups. 

[0027] Specific examples of the erytelkyl groups are those having 7 to 1 2 carbon atoms wherein the alkyl group may 
be straight-chain or branched, such as benzyl, phenylethyi, phenylpropyl, phenylbutyl, phenylpentyl and phenylhexyl 
groups. 

[0028] Among the above-exemplified hydrocarbon groups, particularly preferred are straight-chain or branched alkyl 
groups having 3 to 18 carbon atoms and aryl and straight-chain or branched aDcylaryl groups having 6 to 18 carbon 
atoms. 

[0029] X 1 , X 2 , X 3 and X 4 are each independently oxygen or sulfur but at least one of them is oxygen. Preferably two 
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or more of thorn are oxygen, and more preferably ell of them are oxygen. Due to the presence of at least one oxygen, 
the resulting composition is less in sulfur content and In Hie amount of sulfur produced when being oxidized or thermally 
decomposed, than the case where no oxygen is present, i.e. all of X 1 , X 2 , X 3 and X 4 are sulfur, such as ZDTP. 
[0030] Specific examples of the metal atoms of Y 1 are zinc, copper, iron, lead, nickel, saver, manganese, calcium, 
magnesium, and barium. Y 1 is preferably zinc or calcium because more improved base number maintaining properties, 
high-temperature deterge ncy and anti-wear properties can be obtained. 

[0031] Component (A) may also be a compound of formula (2) below, i.e., thiophosphate, phosphate or the metal or 
amine salt thereof: 



[0032] In formula (2), R 11 and R 12 are each independently hydrogen or a hydrocarbon group having 1 to 30 carbon 
atoms. X 11 and X 12 are each Independently oxygen or sulfur, but at least one of them is oxygen. U is a monovalent 
metal ion, an ammonium ion or a proton, k 1 is an integer of 1 to 20, preferably 1 to 10 and more preferably 1 to 8. 
[0033] The hydrocarbon groups of R 11 and R 1 2 are the same as those as defined with respect to R 1 , R 2 , R 3 , and R 4 
in formula (1 }. Preferred examples of the hydrocarbon groups are also the same as those exemplified with respect to 
R 1 , R 2 , R 3 , and R 4 In formula (1). X 11 and X 12 are each independently oxygen or sulfur but at least one of them is 
oxygen. Hie monovalent metal ion of U 1 is a metal atom which can form a sail and thus may be an alkali metal, such 
as lithium, sodium, potassium and cesium. It also may be hydrogen (proton). The ammonium ion may be those derived 
from nitrogen-containing compounds which can form an amine salt 

[0034] The nitrogen-containing compound may be ammonia, monoamines, diamines, and polyamines. Specific ex- 
amples are aJkytamines having 1 to 30 carbon atoms wherein the alkyl group may be straight-chain or branched, such 
as methyl amine, ethyiamlne. propylamine, butylamlne, pentylamine, hexylamlrte, heptylamine, o cry la mine, non- 
ylamine, decyfamirte, undecylamine, dodecyiamine, tridecylamine, tetredecytarnine, pentadecylamine, hexade- 
cylamine, heptadecylamine, octadecylarnlne, dimethyiamine, diethylamine, dipropylamine, dibutylamine, 
dipentylamine, dihexyiamine, dlheptylamine, dioctyl amine, dinonyl amine, didecylamine, dl undecylamine, dldo- 
decyi amine, ditrfdecyiamme, drtetradecyiamine, dipentadecyiamine, dihexadecylamine, diheptadecylamine, dioctade- 
cyl amine, methyiethyfamine, rnethylpropyiamine, methyibutyiamlne, ethyi propyiami ne, ethylbutytamine, and propyl- 
butyiamine; alkenylamries having 2 to 30 carbon atoms wherein the aJkenyl group may be straight-chain or branched, 
such as ethenyf ami ne, propenylamine, buterrylamine, octenyf amine and oleylamine; alkanolamines wherein the a Ikartol 
group may be straight-chain or branched and has 1 to 30 carbon atoms such as methanolamine, ethanolamlne, pro- 
panolamine, butanolamine, pentanolamine, hexanolamine, heptanolamine, octanolamine, nonanolamine, methano- 
lethanolamine, methanolpropanoiamirte, metha nolbutan olamine, ethanolpropanolamine. ethanolbutanoiamine, and 
propanolbutanolamine; aikylertediaminea having 1 to 30 carbon atoms such as methylenedlamlne, ethytenediamine, 
propylenedi amine, and butytenediarrdne; polyamines such as diethylenetrimaine, tiiethylenetetrarnirte, tetraethyl- 
enepentamine, and pentaethylenehexamine; heterocyclic compounds such as those having alkyl or alkenyl groups 
having 8 to 20 carbon atoms bonded to the above-exemplified monoamines, diamines and polyamines such as unde- 
cyidiethytamlne, undecyldiethanolamine, dodecyidfpropanoiamine, oleyldiethanolamine, oleyipropylenediamine, 
stearyrtetraethyle nepentamine and N-hydroxyethyloIeyi imidazoline; alkylene adducts thereof; and mixtures thereof. 
[0035] Component (A) is preferably a compound of formula (1) wherein 1 to 3, preferably 2 or 3 of X 1 , X 2 , X 3 , and 
X 4 are oxygen or a compound of formula (1) wherein all of X 1 , X 2 , X 9 , and X 4 are oxygen. 

[0036] Specific examples of the compound of formula (1) wherein 1 to 3 of X 1 , X 2 , X 3 , and X 4 are oxygen are zinc 
dialkyll hiophosphates wherein the alkyl group may be straight-chain or branched and has 3 to 1 8 carbon atoms, such 
as zinc dipropytthfophosphate, zinc dibulylthiophosphate, zinc dipentytthiophosphate, zinc dihexytthioprtosphate, zinc 
dtheptylthiophosphate, end zinc dioctylthlophosphate; and zinc di((aikyl)aryOthiophosphate wherein the aryi or alkylaryl 
group has 6 to 18 carbon atoms, such as zinc d I phenyl thiophosphate, and zinc drtolytthiophosphate. 
[0037] Specific examples of the compound of formula (1) wherein ail of X 1 , X 2 , X 3 , and X 4 are oxygen are zinc 
dialkyl phosphate wherein the alkyl group may be straight-chain or branched and has 3 to 18 carbon atoms, such as 
zinc dipropyf phosphate, zinc dibutylphosphate, zinc diperrtyl phosphate, zinc dfoexylphosphate, zinc dlheptylphos- 
phate, and zinc Oloctylphosphate; and zinc d i ( ( al kyi)aryl}phos phate wherein the aryi or alkylaryl group has 6 to 18 
carbon atoms, such as zinc dlphenyiphosphate and zinc drtotytphosphate. 

[0038] Other than the above-described zinc salts, preferred are the metal salts such as copper, iron, lead, nickel. 
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silver, manganese, calcium, magnesium, and barium sails. 
[0039] Compounds of fbrmu I a (2) for component (A) are preferably the ami ne sails of thiophosphates or phosphates. 
Specific examples are the salts of cGalkyrthiophosphates wherein the alky! group may be straight-chain or branched 
and has 3 to 18 carbon atoms, such as dipropylthiophospharte, dibutylthiophosphate, dipentylthiophosphate, dihexy- 
Ithlophosphate, dlheptylthiophosphate and diodytthiophosphate; diaikyiphosphates wherein the alkyl group may be 
straight-chain or branched and has 3 to 18 carbon atoms, such as dipropylphosphate, dibutylphosphate, dipentylphos- 
phate, dihexyiphosphate, diheptyl phosphate, and doctylphosphate; ((alky1)aryl)thiophosphates wherein the aryl or 
alkytaryl group has 6 to 18 carbon atoms, such as olphenylthlophosphate, and ditolylthiophosphate; or di((a(kyl)aryl) 
phosphates wherein the aryl or alkytaryl group has 6 to 18 carbon atoms, such as diphenylphosphate and ditolylphos- 
phate; and of the above-described nitrogen-containing compound among which preferred are aliphatic amines having 
straight-chain or branched alkyl or alkenyl group having 10 to 20 carbon atoms, such as decylamine, dodecylemine, 
tridecylamine, heptadecylamine, octadecylamine, and stearylamine. 

[0040] No particular limitation Is Imposed on the content of Component (A) in the lubricating oil composition of the 
present Invention. However, Component (A) Is contained In an amount of preferably 0.01 to 5 percent by mass, more 
preferably 0.05 to 4 percent by mass, and particularly preferably 0.1 to 3 percent by mass. Component (A) of less than 
0.01 percent by mass would fail to provide the resulting lubricating oil composition with sufficient anti-wear properties, 
while Component (A) in excess of 6 percent by mass would deteriorate the oxidation stability of the resulting compo- 
sition. 

[0041] The lubricating oil composition of the present invention may further contain preferably Comppnent(s) (B) which 
is a compound of formula (3) below, I.e., the metal salt of dithiophosphate and/or a compound of formula (4) below, L 
e., dithiophosphate or the metal or amine salt thereof. A lubricating oil composition containing components (A) and (B) 
is slightly poor In the ability to maintain the base number but is improved in anti-wear properties, compared with a 
composition containing only Component (A), and is significantly Improved in the ability to maintain the base number, 
compared with a composition containing Component (B) only. Therefore, the lubricating oil composition containing 
Components (A) and (B) is well-balanced in both of the properties. 
[0042] Formula (3) Is represented by 



R 21 — Q -S O-R 23 



wherein R 21 , R 22 . R 23 and R 2A are each independently hydrogen or a hydrocarbon group having 1 to 30 carbon atoms* 

and Y 2 is a metal atom. 

[0043] Formula (4) is represented by 



[ 



31 ^ c ( 

k < uk2) (4) 



32 X\ 
R— O S 



wherein R 31 and R 32 are each independently hydrogen or a hydrocarbon group having 1 to 30 carbon atoms, U is a 
monovalent metal ion, an ammonium Ion or a proton, and ¥? is an integer of 1 to 20. 
[0044] Component (B) is now described. 

[0045] R 2 * , R 22 , R 23 and R 24 In formula (3) are the same as R\ R 2 , R 3 . and R 4 in formula ( 1 ). The preferred examples 
are also the same. Y 2 in formula (3) is the same as Y 1 in formula (1). The preferred examples are also same. 
[0046] R 31 and R 32 in formula (4) are the same as R 11 and R 12 . The preferred examples are also same. U and k 2 In 
formula (4) are the same as U and k 1 in fbrmiia (2). The preferred examples are also same. 

[0047] Specific examples of the compound of formula (3) are zinc dialkyldi thiophosphates wherein the alkyl group 
may be straight-chain or branched and has 3 to 18 carbon atoms, such as zinc dipropyidilhlophosphate, zinc dlb- 
utytdithiophosphate, zinc diperrtyldithlophosphate, zinc dJhexyldrthtophcaphate, zinc diheptykfithiophosphate, and zinc 
dioctyWrthlophosphate; zinc dl ((alkyi)aryl)dith tophosp hates wherein the aryl or alkylaryl group has 6 to 1 6 carbon atoms, 
such as zinc diphenyidithlophosph ate and zinc d rtotylcDthiophosphate; and those wherein the zinc is replaced by copper, 
iron, lead, nickel, silver, and manganese. 

[0048] The compound of formula (4) is preferably the amine salt of dithiophosphate. Specific examples of the com- 
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pound of formula (4) era the salts of dialkykfithiophosphates wherein the alkyl group may be straight-chain or branched 
and has 3 to 18 carbon atoms, such as dipropyldithiophosphate, dibutyldithiophosphate, dpentyldrthiophosphate, di- 
hexyidithiophosphate, cfiheptyfdithiophosphate, and dioctyldithiophosphate; or ((alkyl)aiyl)di1hiophosphates wherein 
the aryl oraikylaryl group has 6 to 18 carbon atoms, such as diphenyldithiophosphate and drtoryldithlophosphate; and 
the above-described nftrogen-contalning compounds among which preferred are aliphatic amines having straight-chain 
or branched alkyl or olkenyl group having 10 to 20 carbon atoms, such as decyiamine, dodecylamine, tridecylamine, 
heptedecyt amine, o eta decyiamine, and stearyi amine. 

[0049] When components (A) and (B) are mixed, ligand-exchange occurs. More specifically; when compounds of 
formulae (5) and (6) are mixed, a compound of formula (7) is formed together with these compounds: 



[0050] That is, the mixing of Components (A) and (B) brings the ligand-exchange therebetween, and thus a compound 
wherein 0 to 4 of X 1 , X 2 , X 3 P and X* are oxygen may be present However, the lubricating ofl composition of the present 
invention may contain such a compound. 

[0051] When Component (B) is contained in the lubricating oil composition, no particular limitation is imposed on the 
content of Component (B) in the lubricating oil composition of the present invention. However, Component (B) is con- 
tained in an amount of preferably 0.01 to 5 percent by mass, more preferably 0.05 to 4 percent by mass, and particularly 
preferably 0.1 to 3 percent by mass, based on the total mass of the composition. Component (B) of less than 0.01 
percent by mass or no Component (B) would result In a composition which Is extremely excellent In oxidation stability 
(base number maintaining properties at elevated temperature or in the presence of NOx) but fail to provide synergistic 
effects with Component (A) in terms of anti-wear properties, while Component (B) in excess of 5 percent by mass 
would deteriorate the oxidation stability of the resulting composition. 

[005Z| When the lubricating oi composition of the present invention farther contain Component (B), no particular 
limitation Is imposed on the upper limit of the mass ratio of Component (B) to Component (A). However, with the 
objective of the decrease of sulfur and the base number maintaining properties, the ratio is preferably 2 or less, more 
preferably 1 .5 or less, and particularly preferably 1 or less. No particular Imitation is imposed on the lower Gmit of such 
a ratio either. However, the lower limit is preferably 0.1 or more, and particularly preferably 0.3 or more because the 
synergistic effects can be expected in terms of anti-wear properties and the base number maintaining properties. 
Particularly, the base number maintaining properties and anti-wear properties can be synergist! cally improved by mixing 
Compound (B) with two Components (A) off formula (1), one of in which aO of X 1 , X 2 , X*. and X 4 are oxygen and the 
other of in which two of those are oxygen, in a mass ratio of 0.5 or more. 

[0053] The lubricating oil composition of the present invention may further contain preferably at leas one additive 
selected from the group consisting of (C) a metal detergent, (D) an ashless disperse nt, and (E) an oxidation inhibitor 
which are described in this order. 

(C) Metal detergents 





(6) 




[0054] Metal detergents are used preferably for improving the acid-neutrafizlng properties, high-temperature deter- 
gency, and anti-wear properties of the resulting lubricating oil composition. 

[0055] Eligible metal detergents are any ones which are usually used In a lubricating oil. Specific examples are one 
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sulfonates, 



or more metal detergents selected from alkali metal or alkaline earth metal sulfonates, alkaC metal or alkaline earth 
metal phenates, and alkali metal or alkaline earth metal salicylates. 

[0056] Specific examples of the alkali metal or alkaline earth metal sulfonates are alkaline earth metal salts preferably 
the sodium, potassium, magnesium or calcium salt more preferably the magnesium or calcium salt of an alkyi aromatic 
sulfonic acid obtained by sulfonating an alkyi aromatic compound having a molecular weight of 300 to 1500, preferably 
400 to 700. 

[0057] Specific examples of the aJkyl aromatic sulfonic acid are petroleum sulfonic acids and synthetic sulfonic acids. 
The petroleum sulfonic acid may be mahogany acid obtained by sulfonating an alkyi aromatic compound contained in 
the lubricant fraction of mineral oil or by-produced upon production of white oil. The synthetic sulfonic acid may be 
those obtained by sulfonating an alkyi benzene having a straight-chain or branched alkyi group, which may be by- 
produced from a plant for producing an alkyi benzene used as materials of detergents, or sulfonating dinonylnaphtha- 
lene. Although not restricted, there may be used fuming sulfuric acid and sulfuric anhydride as a sulfonating agent. 
[0058] Specific examples of the alkali metal or alkaline earth metal phenates are the alkali metal salts or alkaline 
earth metal salts preferably the sodium, potassium, magnesium or calcium salts, of alkylphenote, alkylphenolsulfides 
or the Mannich reaction products of alkylphenols as represented by formulae (8) through (10): 



20 




-Mi- 




(8) 



30 




35 



40 




-R ia (10) 



45 



50 



55 



[0059] In formulae (8) through (10), R*\ R« R 43 , R 44 , R 45 , and R 46 may be the same or different and are each 
independently a straight-chain or branched alkyi group having 4 to 30, preferably 6 to 18 carbon atoms. M 1 , M 2 , and 
M 3 are each Independently an alkali metal or alkaline earth metal, preferably calcium or magnesium, and x is an integer 
of 1 or 2. 

[0060] Specific examples of the alkyi group of R 41 , R« R 43 , R 44 , R 45 , and R 48 are butyl, pentyl, hexyl, heptyl, octyl. 
nonyl, decyl, undecyl, dodecyl. trfdecyl, tetradecyl. pentadecyl, hexadecyl. heptadecyl. octadecyl, nonadecyl, eicosyl, 
heneicosyl, docosyt, tricosyl, tetracosyl, pentacosyt, hexacosyf, heptacosyl, octacosyl, nonacosyl, and triacontyl 
groups. These alkyi groups may be straight-chain or branched and may be of primary, binary or tertiary. 
[0061] specific examples of the alkali metal or alkaline earth metal salicylates are the alkali metal salt or alkaline 
earth metal salts, preferably sodium, potassium, magnesium and calcium of alkyi salicylic acid as represented by 
formula (11): 
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[0062] ! n formula (1 1 ) , R 47 is a stra Ight-ch ain or branched alky! group having 4 to 30, preferably 6 to 1 8 carbon atoms, 
10 n Is an integer of 1 or 2, and M 4 is an alkali metal or alkaline earth metal, preferably calcium or magnesium, and 
particularly preferably calcium. 

[0063] Specific exampl es of the alkyl group of R* 7 are butyl, pentyl , hexyl , heptyl, octyl, nonyl, decyl, u ndecyl, dodecyl, 
tridecyl, tetradecyl, pentad ecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl, elcosyl, henelcosyl, docosyl, tricosyl, 
tetracosyl, pentacosyl, hexacosyi, heptacosyl, octacosyf, nonacosyi, and trlacontyl groups. These alkyl groups may be 

15 straight-chain or branched and may be of primary, binary or tertiary. 

[0064] The alkali metal or alkaline earth metal sulfonate, alkali metal or alkaline earth metal phenates and alkali 
metal or alkaline earth metal salicylates may be those obtained by reacting an alkylaromatic sulfonic acid, alkylphenol , 
alkylphenolsuflide, the Mannich reaction product of an aJ kyl phenolsu Ifkte or an alkyl salicylic acid directly with an alkali 
metal or alkaline earth metal base such as the oxide or hydroxide of an alkali metal or alkaline earth metal. 

20 [0065] Preferred for the present invention are the alkaline earth metal-based detergents. Other than the above- 
described neutral (normal salt) alkaline earth metal sulfonates, alkaline earth metal phenates and alkaline earth metal 
salicylates, the detergent may be a basic alkaline earth metal sulfonate, basic alkaline earth metal phenate and basic 
alkaline earth metal salicylate obtained by heating the neutral alkaline earth metal sulfonate, alkaline earth metal phen- 
ate or alkaline earth metal salicylate with an excess amount of alkafine earth metal salt or alkaline earth metal base in 

2 * the presence of water; and en overbased alkaline earth metal sulfonates, overbased alkaline earth metal phenates 
and overbased alkaline earth metal salicylates obtained by reacting the hydroxide of an alkaline earth metal with car- 
bonic acid gas or boric acid in the presence of the neutral alkaline earth metal sulfonate, alkaline earth metal phenate 
or alkafine earth metal salicylate. 

[9066] No particular limitation Is Imposed on the total base number of the alkali metal- or alkaline earth metal-based 
30 detergents. Therefore, there may be used detergents having a total base number of 0 to 500 mgKOH/g. However, 
because of the excellent base number maintaining properties and high-temperature detergency and particularly ex- 
cellent anti-wear properties, it is preferred to use a detergent having a total base number of 1 50 to 400 mgKOH/g, and 
preferably 200 to 350 mgKOH/g. Alternatively, because of the excellent anti-wear properties and particularly excellent 
base number maintaining properties and high-temperature detergency, there may be used a detergent having a total 
35 base number of less than 150 mgKOH/g, and preferably less than 130 mgKOH/g. The term "total base number used 
herein denotes a total base number measured by the perchloric acid potentiometric titration method in accordance 
with section 7 of JIS K2501 (1992) "Petroleum products and lubricants-Determination of neutralization number. A 
metallic detergent can be often classified by metal ratio which is the content of metal and soap in the detergent obtained 
by above producing method. The term "metal ratio* 1 used herein denotes "the valence of metal element x metal element 
40 content (mol) / the content of organic acid soap group such as salicylic acid group or sulfonic add group". 

[0087] I n the present invention, it is preferred to use alkali metal or alkaline earth metal salicylates and/or alkali metal 
or alkaline earth metal sulfonates because of their base number maintaining properties, high-temperature detergency 
and anti-wear properties. 

[0068] More specific examples of use of the metal detergents with component (A) in this invention are as follows: 

45 

(1) Use of an alkali metal or alkaline earth metal salicylate thereby obtaining a composition which is particularly 
excellent in base number maintaining properties and high-temperature detergency and excellent in anti-wear prop- 
erties; 

(2) Use of an alkali metal or alkaline earth metal salicylate having a total base number of 150 to 400 mgKOH/g, 
so preferably 200 to 350 mgKOH/g, and particularly preferably 200 to 300 mgKOH/g thereby obtaining a composition 

which is excellent in base number maintaining properties and high-temperature detergency and particularly excel- 
lent in anti-wear properties particularly for the moving valve system of an internal combustion engine; 

(3) Use of an alkali metal or alkaline earth metal salicylate having a total base number of less than 150 mgKOH/ 
g, preferably 60 to 130 mgKOH/g, and particularly preferably 60 to 1 00 mgKOH/g thereby obtaining a composition 

55 which is excellent in anti-wear properties and particularly excellent in base number maintaining properties and 

high-temperature detergency; 

(4) Use of the combination of an alkali metal or alkafine earth metal salicylate having a total base number of less 
than 150 mgKOH/g, preferably 60 to 130 mgKOH/g, and particularly preferably 60 to 100 mgKOH/g and an alkali 
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metal or alkaline earth metal salicylate having a total base number of 150 mgKOH/g or greater than 1 50 mgKOH/ 
g, preferably 160 to 350 mgKOH/g, and particularly preferably 160 to 300 mgKOH/g thereby obtaining a compo- 
sition which Is excellent In anti-wear properties and particularly excellent in base number maintaining properties 
and detergency at elevated temperatures; 

3 (5) use of an alkali metal or alkaline earth metal sulfonate having a total base number of preferably 150 to 400 

mgKOH/g, more preferably 200 to 350 mgKOH/g, and particularly preferably 250 to 350 mgKOH/g thereby obtain- 
ing a composition which is excellent in properties of maintaining base number, acid number and viscosity in the 
presence of NOx and particularly excellent In anti-wear properties particularly for the moving valve system of an 
internal combustion engine; and 

10 (6) Use of the combination of an alkali metal or alkaline earth metal salicylate having a total base number of less 

than 150 mgKOH/g, preferably 60 to 130 mgKOH/g, and particularly preferably 60 to 100 mgKOH/g and an alkali 
metal or alkaline earth metal sulfonate having a total base number of preferably 150 to 400 mgKOH/g, more pref- 
erably 200 to 350 mgKOH/g r and particularly preferably 250 to 350 mgKOH/g thereby obtaining a composition 
which is particularly excellent in properties of maintaining base number, acid number and viscosity in the presence 

15 of NOx and excellent anti-wear properties. 

[0069] Commercially available metallic detergents are usually diluted with a light lubricating base oO. It Is preferred 
to use metal-based detergents of which metal content is within the range of 1.0 to 20 percent by mass, preferably 2.0 
to 16 percent by mass. 

20 [0070] No particular limitation is imposed on the content of Component (C). However, Component (C) is contained 
In an amount of 0.1 to 15.0 percent by mass, preferably 0.1 to 10 percent by mass, more preferably 0.5 to 8.0 percent 
by mass, and particularly preferably 1 .0 to 5.0 percent by mass, based on the total mass of the composition. Component 
(C) of less than 0.1 percent by mass would be poor in high-temperature detergency and anti-wear properties, while 
Component (C) in excess of 15.0 percent by mass would fail to provide such an effect as being expected. 

£5 [0071] When using the detergents of (4) and (6) above, the content of an alkali metal or alkaline earth metal salicylate 
having a total base number of less than 1 50mgKOH/g (about 2.6 or less, preferably 2.0 or less, particularly preferably 
1.5 or less in metal ratio ) Is 0.1 percent by mass or more, preferably 0.5 percent by mass or more, and particularly 
preferably 1.0 percent by mass or more and is 15 percent by mass or less, preferably 5.0 percent by mass or less, and 
particularly preferably 3.0 percent by mass or less. The use of the combination of an alkali metal or alkaline earth metal 

30 salicylate having a total base number of less than 150 mgKOH/g and an alkali metal or alkaline earth metal salicylate 
having a total base number of 150 to 400 mgKOH/g and/or an alkali metal or alkaline earth metal sulfonate having a 
total base number of 150 to 400 mgKOH/g can decrease the content of the metal detergent and can synergistically 
perform the effects of the present invention. 

35 (D) Ashless dispersant 

[0072] Ashless dlspersants are used preferably for Improving the acid-neutralizing properties, base number main- 
taining properties, high-temperature detergency and anti-wear properties of the resulting composition. 
[0073] Ashless dispersants may be any ones which are usually used in a lubricating oil. For example, there may be 
40 used nitrogen-containing compounds having In the molecules at least one straight-chain or branched alkyl or atkenyl 
group having 40 to 400 carbon atoms, or the derivative thereof, or the modified products of alkenyl succinimides. one 
or more of these may be added. 

[0074] The alkyl or alkenyl group has 40 to 400, preferably 60 to 350 carbon atoms. The alkyl or alkenyl group having 
less than 40 carbon atoms would adversely affect the solubility of the compound in a base ofl, while the alkyl or alkenyl 
45 group having more than 400 carbon atoms would deteriorate the low-temperature flowability of the resulting lubricating 
oil composition. The alkyl or alkenyl group may be straight-chain or branched and is preferably a branched alkyl or 
alkenyl group derived from the oligomer of an olefin such as propylene, 1-butene, and isobutyiene or the oooligomer 
of ethylene and propylene. 

[0075] No particular limitation is imposed on the nitrogen content of the nitrogen-containing compound. However, it 
60 is preferred to use a nitrogen-containing compound containing nitrogen in an amount of 0.01 to 10 percent by mass, 
preferably 0.1 to 10 percent by mass with the objective of base number maintaining properties, high-temperature de- 
tergency and anti-wear properties. 

[0076] Specific examples of Component (D) are the following compounds. Component (D) may be one or more of 
these compounds. 

55 

(D-1) succinimides having in the molecules at least one alkyl or alkenyl group having 40 to 400 carbon atoms, or 
the derivatives thereof 

(D-2) benzylamines having in the molecules at least one alkyl or alkenyl group having 40 to 400 carbon atoms, or 
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m 



the derivatives thereof 

(D-3) polyamines having in the molecules at least one alkyl or alkenyl group having 40 to 400 carbon atoms, or 
the derivatives thereof 

[0077] (D-1) succinlmldes are exemplified by compounds represented by formulae (12) and (13) 



wherein R 95 is an alky! or alkenyi group raving 40 to 400, preferably 60 to 360 carbon atoms, and b is an integer of 1 
to 5. preferably 2 to 4: and 



wherein R 96 and R 97 are each independently an alkyl or alkenyl group having 40 to 400, preferably 60 to 350 carbon 
atoms and preferably polybutenyl, and o is an integer of 0 to 4, preferably 1 to 3. 

[0070] The succinimides are classified by a mono-type succinimide wherein succinic anhydride is added to one end 
of a poiyamine as represented by formula (12) and a bis-type succinimide wherein succinic anhydride is added to both 
ends of a poiyamine as represented by formula (13). In the present invention, both types of the succinimides and 
mixtures thereof can be used as Component (D-1 ). 

[0079] No particular limitation is imposed on the method of producing these succinimides. For example, the succin- 
imides may be produced by reacting an alkyl or alkenyl succinimide resulting from the reaction of an alkyl or alkenyl 
group having 40 to 400 carbon atoms with malelc anhydride at a temperature of 100 to 200°C, with a poiyamine. 
Specific examples of the poiyamine are diethyl enetriamine, triethyf enetetramlne, tetraethyieriepentamine, and penta- 
ethyienehexamlne. 

[00801 (D-2), l.e.. benzylamlnes are exemplified by compounds represented by formula (14) 



wherein R 98 is an alkyl or alkenyl group having 40 to 400, preferably 60 to 350 carbon atoms, and d is an integer of 1 
to 5, preferably 2 to 4. 

[0081] No particular limitation is imposed on the method of producing the benzylamfne. For example, the benzylamine 
may be produced by subjecting an etkylphenoi resulting from the reaction of a polyotefin such as propyleneoligomer, 
potybutene, and ethylene-a-defin copolymer with phenol, to the Marmich reaction with formaldehyde and a poiyamine 
such as diethyienetriamlne, trlethylenetetramlne. tetraethylenepentamlne, and pentaethy I enehaxa ml ne. 
[0082] (D-3), I.e., polyamines are exemplified by compounds represented by formula (15) 





(13) 
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wherein R*> is an alkyl or alkanyl group having 40 to 400, preferably 60 to 350 caTSon atoms, and e is an integer of 1 
to 5, preferably 2 to 4. 

[0083] No particular limitation is imposed on the method of producing the polyamines. For example, the polyamines 
may be produced by subjecting a polyolefin such as propyleneoligomer, polybutene, and an ethylene -a-o!efin copol- 
ymer to chloridizatlon, followed by the reaction with ammonia or a pofyamine such as ethylenedlamlne, dlethyienetrf- 
amine, triethylenetetramine, tetraethyienepentemine, and pentaethyieneh examine. 

[0084] Specific examples of the derivatives of the nitrogen-containing compound are oxygen-modified compounds 
obtained by bringing the above-described nitrogen-containing compound Into the reaction with a monocarboxylic acid 
having 1 to 30 carbon atoms, such as fatty acid or a polycarboxylic acid having 2 to 30 carbon atoms, such as oxalic 
acid, phthaGc acid, trimelirtic acid, and pyromeOitic acid so as to neutralize or amidize the part or whole of the remaining 
amino and/or lmlno groups; boron-modified compounds obtained by bringing the above-described nitrogen-containing 
compound into the reaction with boric acid so as to neutralize or amidize the part or whole of the remaining amino and/ 
or lmlno groups; sulfur-modified compounds obtained by bringing the above-described nitrogen-containing compound 
into the reaction with a sulfuric compound; and modified products obtained by bringing the above-described nitrogen- 
containing compound into a combination of 2 or more selected from the oxygen modification, boron modification, and 
surflir modification. Among these derivatives, the boron-modified compounds of alkenyi succinimides are excellent in 
heat resistance and effective in the enhancement of the base number maintaining properties of the resulting compo- 
sition. 

[0085] No particular limitation is imposed on the content of Component (D). However, Component (D) is contained 
In an amount of 0.01 to 20 percent by mass, preferably 0.1 to 10 percent by mass, based on the total mass of the 
composition. Component (D) of less than 0.01 percent by mass Is less effective In base number maintaining properties, 
high-temperature detergency, and anti-wear properties while Component (D) in excess of 20 percent by mass would 
deteriorate the low-temperature flowabiiity of the resulting composition significantly. 

(E) Oxidation inhibitor 

[0086] Eligible oxidation inhibitors are phenol- and amine-based oxidation Inhibitors which are usually used In lubri- 
cating oils. The addition of the oxidation inhibitor can enhance the anti-oxidation properties of the resulting composition, 
leading to the enhancement of the ability to maintain the base number. 

[0087] Specific examples of the phenol-based oxidation inhibitors are 4,4'-methylenebis(2,a-dl-tert-butylphenol) f 

4,4 v -bis(2 1 6-di-tert-bu1ylpheno0r 4,4'-bls(2-methyl-6-tert-butylphenol) l 2,2 , -metrryleriebis(4-etriy^ 

2,Z-^thyienebis(4-methy1-6-tert*ijtylphertor), 4,4 , -butylidenebis(3-metriyl-6-tert-butylpheno]), 4,4 , -isopropylidenebis 

(2,6-di-tert-butylphenol), 2,2 , -methylenebis(4-metrryi-6-nonylphenol), 2,2 , -isobutylidenebis(4,6-dimethylphenol), 2^'- 

methytenebis(4-methyi-e-^fciohexylphenol), 2,6-ditert-butyl-4-methyiphenol f 2,6-di-tert-butyl-4-e1rtylphenol, 

2,4-dime1hyl-6-terf-butylphenol, 2 t B-di-tert-4-c^imetrrylamino-p-cresoi > 2,6-di-tert-butyW(N l N'^ 

phenol), 4 r 4 , -thiobis(2^thyl-6-tert-butylphenol) 1 4,4 , -thiobis(3HTiethyl-6-tert-butylphenol) i 2,2 , -thiobis(4-methyl- 

6-tert-butylphenol), bls(3-memyl-4-hydroxy-5-tert-biitylbenzyl)sulfide, bls(3,5<lrtert-buryM-hydroxybenzy0sulfide, 

2,2^tWodietoylenebisP-<3,5^^ tridecy^3-(3 f 5^i-tert-but^^ 

propionate, pentaerythrHyttetraquis[3^ octadecyt-3-(3 ,5-ditert-butyt- 

4-hydroxyphenyl)proplonate i and mixtures thereof. 

[0088] Specific examples of the amine-based oxidation inhibitors are phenyl-arnaphtylamine. aDcylphenyl-ctr- 
naphtyiamine, dialkyidiphenylamine. and mixtures thereof. 

[0089] The phenol- and amine-based oxidation inhibitors may be used in combination. 

[0090] The upper limit content of the above-described ashless oxidation inhibitors is 3.0 percent by mass, preferably 
2.0 percent by mass based on the total mass of the composition. A content in excess of the upper limit would tal to 
achieve oxidation Inhibition that balances the amount. No particular limitation is imposed on the lower Dmit content. 
However, the lower limit content of preferably 0.01 percent by mass, more preferably 0.1 percent by mass, and par- 
ticularly preferably 0.8 percent by mass based on the total mass of the composition is contributive to the further en- 
hancement of the base number maintaining properties and high-temperature detergency. 

[0091] Although the lubricating oil composition of the present invention are excellent in base number mafrrtaining 
properties end anti-wear properties, for the purpose of further enhancing these properties and various requisite prop- 
erties of lubricating oils, it may be blended with known lubricant additives in such an amount that the properties of the 
inventive lubricating oil composition are not extremely deteriorated. Examples of such additives are viscosity index 
Improvers, anti-wear agents other than Components (A), friction modifiers, corrosion Inhibitors, rust inhibitors, anti- 
emulsifiers, metal deactivators, antMbaming agents and dyes. 

[0092] Viscosity index improvers can be added in the composition of this invention to modify the viscosity properties 
with respect to temperature. On the other hand, viscosity index improvers often deteriorate the high-temperature de- 
tergency of a lubricating oil composition. However, the composition of this invention can keep excellent hlgh-temper- 
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ature detergency even if it contains viscosity index Improvers. If viscosity index improver is not added or added in a 
small amount of. for example, less than 1 % by mass in the composition, the high-temperature detergency of the com- 
position of this invention becomes extremely excellent. 

[0093] Specific examples of the viscosity index improvers are non-dispersion type viscosity index improvers such 
as copolymers of one or monomers selected from various methacrylates and the hydrides thereof, dispersion type 
viscosity index improvers such as copolymers of various methacrylates further containing nitrogen compounds, non- 
dispersion- or dispersion-type ethytene-oroiefin copolymers wherein the a-olefin may be propylene, 1-butene, or 1-pen- 
tene. or the hydrides thereof, polyisobutylenes or the hydrogenated products thereof, styrene-diene hydrogenated 
copolymers, styrene-maieate anhydride copolymers, and polyalkylstyrenes. 

[0094] It is necessary to select the molecular weight of these viscosity index improvers considering the shear stability. 
Specifically, the weight-average molecular weight of the non-dispersion or dispersion type viscosity index improvers 
is preferably from 5,000 to 1 ,000,000, and more preferably 10,000 to 350,000. The weighHiverage molecular weight 
of the polyisoburylene or the hydrides thereof Is 800 to 5,000, preferably 1,000 to 4,000. The ethylene-ooiefin copol- 
ymers and the hydrides thereof have a weight-average molecular weight of 800 to 500,000, preferably 3,000 to 200,000. 
[0095] Among these viscosity index improvers, the use of ethyl ena-<x-olefin copolymers and the hydrides thereof 
results in a lubricating oil composition which is excellent particularly in shear stability. One or more of compounds 
selected from the above-described viscosity Index improvers may be added in any suitable amount The content of 
the viscosity index improvers is 0.1 to 20.0 percent by mass based on the total mass of the lubricating oil composition. 
[0096] Specific examples of the anti-wear agents other than component (A) are phosphite, the amine salt thereof, 
disulfides, olefin sulfides, and sulfurized fats and oils. 

[0097] Specific examples of the friction modifiers are molybdenum dithlocarbamate, molybdenum dfthiophosphate, 
molybdenum disulfide, long-chain aliphatic amines, long-chain fatty acids, long-chain fatty acid esters, long-chain 
aliphatic alcohols. 

[0098] Examples of the corrosion Inhibitor ore benzotriazole-, tolyltrlazole-, thiadiazole-, and imidazole-based com- 
pounds. 

[0099] Examples of the rust inhibitor are petroleum sulfonates, alkylbenzensulfbnates, dinonyfnaphthalene sul- 
fonates, alkenytsuccinates, polyalcohol esters such as glycerin monooleate and sorbltan monooleats, and amines. 
[01001 Examples of the antnemulsifier are polyalkylene glycchbased non-tonic surfactants such as pofyoxyethyie- 
nealkyl ether, polyoxyettiyienealkyiphneyl ether, and polyoxyethyleneaikylnaphthyl ether. 

[0101] Examples of the metal diactivator are imidazoline, pyrimidine derivatives, alkyithiadiazole, mercaptobenzo- 
thiazoie, benzotriazole and derivatives thereof, 1,3,4-thiadiazolepolysulfide, 1,3,4-thiadizo!yl-2,5-bisdialkyldithiocar- 
bamte, 2-(alky1dithio)benzoimidazote, and p^o-carboxybenzytthlo)proplonnitrile. 
[0102] Examples of the antMbamers are silicone, fluorosilicone, and fiuoroalkyi ether. 

[0103] The content of each of the anti-wear agent other than Component (A), friction modifier, corrosion inhibitor, 
rust inhibitor and anti-emulsifier is 0.01 to 5 percent by mass based on the total mass of the composition. The content 
of the metal deactivator is 0.005 to 1 percent by mass based on the total mass of the composition. The content of the 
antl-foamer is 0.0005 to 1 percent by mass based on the total mass of the composition. 

[01 04] With the objective of the above-described base number maintaining properties, high-temperature detergency 
and low-sulfur content, the content of sulfur-based additive (effective component) is preferably 0.15 percent by mass 
or less, more preferably 0.1 percent by mass or less, and particularly preferably no sulfur-based additive. The sulfur 
content of the lubricating oi composition is preferably 0.3 percent by mass or less, more preferably 0.2 percent by 
mass or less, further preferably 0.1 percent by mass or less, and particularly preferably 0.05 percent by mass. When 
a diluting oil or solvent with low or no sulfur content is selected for the base oil or various additives, the sulfur content 
of the resulting oil composition can be further decreased. Therefore, this makes it possible to produce a composition 
which contains 0.05 percent by mass or less or of substantially no sulfur (0.01 percent by mass or less), resulting in 
further enhancement in base number maintaining properties and high-temperature detergency. 
[0103 The lubricating ofl composition of the present invention can be used preferably for internal combustion engines 
such as gasoline-, diesel- and gas-engines of motorcycles automobiles, dynamos, and ships. However, it can also be 
used more preferably as a lubricating oil for internal combustion engines using a gasoline, gas ofl or kerosene containing 
sulfur in an amount of 100 mass ppm or less, preferably 50 mass ppm or less, and particularly preferably 20 mass 
ppm or less, or using a low-suifur content fuel containing sulfur in an amount of 1 mass ppm or less, such as LPG, 
natural gas, dimethyiether, alcohol, GTL (Gas to Liquid)fuel, such as gasoline fraction, kerosene fraction and light oil 
fraction. Furthermore, the lubricating oil composition can be used as a lubricating oil which is required to have anti- 
wear properties and long-drain properties , such as a lubricating oil for a driving system including an automatic or manual 
transmission and a wet-type brake, a hydrauOc oil, and a turbtneoil, a compressor oil, a bearing oil , and a refrigerating oil. 
[0106] The present Invention is now described in more detail with reference to Inventive Examples and Comparative 
Examples but is not limited thereto. 
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Inventive Examples 1 to 13, and Comparative Examples 1 to 3 



[0107] There were prepared lubricating oil composition of the present invention (Inventive Examples 1 to 13), lubri- 
cating oil compositions (Comparative Examples 1 and 3) which are free of Component (A) but contained ZDTP, i.e., 
Component (B), and a lubricating oil composition (Comparative Example 2) which Is free of Components (A) and (B). 
The composition and properties of each of the compositions are shown in Tables 1 and 2. 



Table 1 
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Phosphate 4 > 


mass7b 




- 


_ 


_ 




0.35 




— ': — 




f EM ZDTP 5) 






0.7 


0.5 


0.2 


0.5 


0.4 


1.0 






fCl Metal 

Detergent 6 ) 


mass% 


4.7 


4.7 


4.7 


4.7 


4.7 


4.7 


4.7 


4.7 


25 


\U J /ASM IKSOO 

Despersant ^ 


lllaoo 7o 


5.0 


5.0 


5.0 


5.0 


6.0 


5.0 


5.0 


5.0 




Inhibitor 0 ) 


mass% 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 




Other Adcflttves V 


mass% 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 




xJ.XJ 


30 


Kinematic Viscosity 
(40°C) 


rnrn^/s 


72.08 


66.1 


67.97 


70.95 


68.28 


64.09 


64.44 


62.6 




Kinematic Viscosity 
(100°C) 


mm2/s 


11.43 


10.74 


10.% 


11.32 


11.04 


10.46 


10.68 


10.56 


35 


Total Acid Number 


mgKOH/g 


3.12 


2.56 


2.93 


3.47 


2.76 


2.79 


2.34 


0.94 




Total Base Number 
(HQ method 


mgKOH/g 


9.11 


8.81 


9.93 


10.2 


9.68 


8.93 


11.1 


8.8 


40 


Element 

Concentration Ca 


mass% 


0.28 


0.28 


0.28 


0.28 


0.28 


0.29 


0.29 


0.28 




P 


mass% 


0.11 


0.10 


0.10 


0.12 


0.10 


0.11 | 


0.08 


0.00 




Zn 


mass% 


0.12 


0.11 


0.12 


0.12 


0.10 


0.08 


0.08 


0.00 


45 


S 


mass% 


0.11 


0.26 


0.21 


0.18 


0.15 


0.16 


0.29 


0.09 


N 


mass% 


0.14 


0.14 


0.11 


0.14 


0.14 


0.17 


0.13 


0.13 



1 ) hydrogenated refined mineral on, Hnematic viscosity at 1 00 °C : 4.7 mm 2 /** viscosity Index: 120 

2) a compound of formula (1) wherein Y 1 to zinc, all of X 1 to X 4 are oxygen, end R 1 to R 4 are each 2-ethythaxyl 

3) a compound of formula (1) wherein Y 1 is zinc, two of X 1 to X 4 are oxygen, tha ethers are aulfur. and R 1 to R 4 are each propyl or hexyl 

SO 4) a compound of formula (2) wherein X 1 and X 2 are oxygen, R 1 and R 2 are each 2-ethylhexyl, and U ia the ammonium Ion of oleyiamlna. K1 is 1 

6) a compound of formula (3) wherein Y 2 Is zinc, and R 21 to R 24 are each 4-methyl-2-pertyl 
8) coJdum salicylate, total base number 170 mgKOH/g, calcium content 6 percent by mass 

7) poJybutenryl succtnlmlde. nitrogen content 1 .3 percent by mass, welgm-average molecular weight 4000 

8) 4,4'-metriy1eitebte^MMerl^^ 

9) additive containing viscosity Index Irnproven* (PMA, OOP) and antJ-foammg agent 
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Table 2 



Lubricant Base 
Oil D 


mass% 


81.8 


82.3 


82.8 


82.8 


83.1 


84.55 


85.00 


82.55 


(A)ZP*> 


mass% 










0.7 


0.6 


0.6 




(A) CaP 3) 


mass% 








1.0 






— 


- 


(A) ZMTP 4 J 


mass% 






1.0 










- 


(A) Amine Salt of 
Phosphate 5) 


mass% 


1.5 
















(A) 

Dialkylphosphate 
8) 


mass% 




1.0 














(B)ZDTP 7 ) 


mass% 


- 


- 


- 


- 


- 


- 


- 


0.25 


(B) ZDTP *> 


mass% 
















1.0 


(C) Metal 
Detergent 9 > 


mass% 


4.7 


4.7 


4.2 




4.2 


_ 


m 


4.2 


(C) Metal 
Detergent 10 > 


mass% 


- 


_ 


_ 


_ 




2.85 


_ 




<C) Metal 
Detergent 11 ) 


mass% 


_ 




m 




_ 


m 


2.4 




(D) Ashless 
Despersant 12 > 


mass% 


50 


5.0 


50 


50 


5.0 


5.0 


5.0 


50 


(E) Oxidation 
Inhlbrtor 1 *> 


mass% 


2.0 


2.0 


2.0 


2.0 


2.0 


2.0 


2.0 


2.0 


Other 

Additives "# 


mass% 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


Kinematic 
Visoosity (40°C) 


mrr^/s 


63.82 


63.37 


63.37 


62.33 


60.89 


59.4 


56.05 


56.18 


Kinematio 
Viscosity (100°C) 


mm 2 ^ 


10.48 


10.59 


10.59 


10.71 


10.53 


10.14 


9.87 


9.98 


Total Acid 
Number 


mgKOH/ 

g 


2.33 


1.83 


1.83 


1.66 


2.08 


2.43 


1.94 


3.35 



10 



15 



20 



30 



35 



40 



45 



60 



S3 



1) high-grade hydrogenated refined mineral ofl, Unematfc viscosity at 100 °C: 5.6 itA, viscosity Index: 130. aromatic content 1 2. mass %, sulfur 
content 10 mass pom 

2) a compound of formula (1 ) wherein V 1 is zinc, all of X 1 to X* are oxygen, and R 1 to R* are each butyl 

3) a compound of formula (1) wherein Y 1 fs calcium, all of X 1 to X 4 are oxygen, and R 1 to R 4 are each 2-ethylhexyl 

4) o compound of formula (1 ) wherein Y 1 Is zinc, two of X 1 to X* am oxygen, the others are sulfur, and R 1 to R 4 are each z-ethythexyj 

5) a compound of formula (2) wherein X 11 and X 1 2 are oxygen, R 11 and R 12 ere 2-ethylhexyl, U Is the ammonium ton of oleylamlne, klls 1 

6) a oompound of formula (2) wherein X 11 and X 1 2 are oxygen, R 11 and R 12 are 2-elhytiexyl, U Is proton 

7) a oompou nd of formula (3) wherein Y 2 Is zinc, and R 21 to R 24 are 2-ethylhexyl 

8) a oompound of formula (3) wherein Y 2 Is zinc, and R 21 to R 24 are 1 ,3-dtmethyl butyl 

8) caJdum saOcylata. total base number 170 mgKOH/g, calcium content 6.2 percent by mass, metal ratio: 2.7 

10) calcium salicylate, total base number 280 mgKOH/g, calcium content 9.5 percent by mass, metal ratio: 5.8 

11) calcium sulfonate, total base number: 300 mgKOH/g, calcium content 1 2.0 percent by mass, metal ratio: 1 OjO, sulfur content 1 2. percent by mass 

12) a mixture of polybutenyt eucctnimide (bis-type, number-average molecular weight of polybutenyt 1 ,300, nitrogen content 1.5 percent by mass 
and s boric acid modified product thereof, 

13) cctyKH3.5HiH^tyl4-hydr^^ and alkyWiphenylamine (1:1) 

9) additive containing viscosity index improvers (PMA, OCP) and anti-foam Ing agent 
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Table 2 (continued) 



10 



15 



l-UMllUolll Do99 

Oil 1 ) 


fnaoo/o 


Ai A 
O 1 .0 








oo.l 


IS*f.OO 


OO.UU 


AO PC 

82.55 


Total Base 
Number (HQ 
method 


mgKOH/ 
9 


7.78 


6.15 


6.15 


8.89 


8.82 


8.67 


8.31 


8.76 


Concentration Ca 


mass% 


n oq 


ft *3Q 






n oft 


0.^7 




0.26 


P 


mass% 


0.11 


0.09 


0.09 


0.09 


0.09 


0.08 


0.08 


0.11 


Zn 


rnass% 


0.00 


0.00 


0.00 


0.00 


0.10 


0.08 


0.08 


0.10 


S 


mass% 


0.01 


0.01 


0.10 


0.01 


0.01 


0.01 


0.04 


0.19 


N 


mass% 


0.21 


0.13 


0.15 


0.15 


0.15 


0.12 


0.13 


0.15 



1 ) Wflh-grade hydrogcnated refined mineral oB, ktnematlo vteooslty at 1 00 °C: 5.6 mm 2 /*, vteooslty Index: 130. aromatlo content 1 2. mass %, sulfur 
content 10 mess ppm 



[0108] The performances of each of the compositions of Inventive Examples 1 to 13 and Comparative Examples 1 
to 3 were evaluated by the following tests. 

(1) The change of total base number with the lapse of time in accordance with ISOT test 



[0109] The remaining rate of total base number of each of the sample oils when were forced to deteriorate was 
measured at a temperature of 150 °C by ISOT test in accordance with JIS K 2514. The results are shown in FIGS. 1 
and 2. The smaller the decrease of the total base number, the better the base number maintaining properties are. This 
means that an oil is a long-drain oil which can be used for a longer time. 

[0110] As shown in FIG. 1. the lubricating oil composition of Inventive Example 1 was extremely more improved in 
base number maintaining properties than that of Comparative Example 1 . The lubricating oil compositions of Inventive 
Examples 2, 3 end 4 all containing both Components (A) and (B) were improved in base number maintaining properties, 
compared with that of Comparative Example 1. The oii composition of Inventive Example 5 obtained by substituting a 
half of the ZP of component (A) of Inventive Example 3 by ZMTP was more improved in base number maintaining 
properties than that of Inventive Example 3. This means that a lubricatfrig oil composition containing ZP, ZMTP and 
ZDTP In combination Is synengistically Improved in base number maintaining properties and thus has excellent long- 
drain properties. 

[0111] FIG. 2 shows that the lubricating oil compositions of Inventive Examples 7 and 8 were improved in base 
number maintaining properties, compared with that of Comparative Example 1 as well. It was also confirmed that the 
lubricating oii compositions of Inventive Examples 6 f 9 end 10 were improved In base number maintaining properties, 
compared with that of Comparative Example 1 . 

(2) The change of total base number with the lapse of time in accordance with NOx absorbing test 

[0112] The change of total base number with the lapse of time of each of the sample oils which were forced to 
deteriorate by blowing NOx gas thereto under the conditions (135 °C, NOx: 1185 ppm) in accordance with the number 
of published paper 465. 10, 1992 issued by Japan Society of Tribologists Conference, was measured. The results are 
shown in FIGs. 3, 4 and 5. As shown in FIG. 3, an lubricating oil composition which is smaller in the decrease of the 
total base number was found to have better base number maintaining properties even in an internal combustion engine 
where NOx is present and thus be a long-drain oil which can be used for a longer time. 

[0113] FIGS. 4 and 5 show that the lubricating oil compositions of Inventive Examples 7 to 10 had the same results. 
It was also confirmed that the lubricating oil compositions of Inventive Examples 6 was extremely excellent in base 
number maintaining properties, compared with that of Comparative Example 1. 

(3) The change of total base number and acid number with the lapse of time in accordance with JASO 1GFE high- 
temperature oxidation test 

[01 14] A 1 00-hour operation was conducted under the conditions in accordance with JASO M 333-9, using gasoline 
of sulfur content of 10 ppm by mass as a fuel, In combination with each of the lubricating oil compositions of Inventive 
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I 



10 



15 



20 



Examples 11 and 13 and Comparative Example 3 so as to measure the change of total base number and the increase 
of acid number with the lapse of time and kinematic viscosity increase rate with the lapse of time. The results are shown 
in FIGS 6, 7 and 8. 

[0115] FIG. 6 shows that the composition of Inventive Example 11 maintained nearly 50 percent of total base number 
after 100 hours, while the composition of Comparative Example 3 was decreased to about 30 percent The composition 
of Inventive Example 13 was decreased in total base numberto 25 percent till 30 hours past but was constant thereafter. 
Therefore, if the test was conducted for 100 hours or longer, there is a possibility that the composition of Inventive 
Example 13 would have exhibited more excellent base number remaining rate than that of Comparative Example 3. It 
was confirmed that a composition obtained by substituting ZP of the composition of Inventive Example 13 by ZDTP 
was poorer in base number maintaining properties than the composition of Inventive Example 13. 
[0115] As shown in FIG. 7, the increase of acid number of the lubricating oil composition of Inventive Example 8 was 
prevented from rising 1 .5 mgKOH/g or more, while the acid number of the composition of Comparative Example 3 was 
In excess of 2.5 mgKOH/g. with a view to time consumed to reach the same base number remaining rate, for example, 
50 percent or the same increase of acid number, for example, 1 .5 mgKOH/g, the lubricating oil composition of Inventive 
Example 11 had long-drain properties as twice as better than that of Comparative Example 3. Therefore, the lubricating 
oil composition of the present invention has extremely excellent oxidation stability and long-drain properties. The com- 
position of Inventive Example 13 exhibited an acid number increase which is equivalent to the composition of Com- 
parative Example 3 up to 30 hours but was found to be decreased thereafter. 

[0117] As shown in FIG 8, with regard to the change of kinematic viscosity at 40° C with a lapse of time, the com- 
position of Inventive Example 11 was equivalent to and the composition of Inventive Example 13 was superior to the 
composition of Comparative Example 3. Therefore, the lubricating oil composition of the present invention was effective 
to prevent from being viscous. 



25 



30 



(4) High-temperature detergency evaluated by a hot tube test 

[01 1 8} A hot tube test was conducted in accordance with JPI-5S-5599. The results were graded from 1 0 points to 0 
point. 10 points indicates colorless and transparent and 0 point indicates black and opaque. Between 10 and 0 point r 
evaluation was done using reference tubes which were made per grade beforehand. At 290 °C, 6 points or higher 
Indicates that the multi-grade oil composition has an excellent detergency for an ordinary gasoline or dlesel engine. 
However, it is preferred that a lubricating oB composition for a gas engine exhibits an excellent detergency at 300 °C 
or higher as well in this test. Table 3 shows the results obtained using the lubricating oil compositions of inventive 
Examples 7 to 1 2 and Comparative Example 3. 



Table 3 



35 



40 



Hot Tube Test (grade point) 


Inventive Examples 


Comparative Example 3 




7 


8 


9 


10 


11 


12 




300°C 


10 


10 


10 


10 


10 


10 


7 


310°C 


2 


2 


3 


7 


10 


1 


0 


320°C 


0 


0 


0 


1 


2 


0 


0 



[01 19] As apparent from the results in Table 3, the lubricating oil compositions of the present invention exhibited an 
excellent detergency at an elevated temperature of 300°C or higher, and those of inventive Examples 10 and 11 were 
found to exhfoft an extremely excellent high-temperature detergency. 

(5) High-velocity four ball test and FALEXtest for evaluating antMwearand anti-seizuring properties and moving valve 
wear test 



60 



1) High-velocity four ball test 



55 



[0120] High-velocity four ball test was conducted under the conditions of 1 ,800 rpm and 392 N at room temperature 
for 30 minutes in accordance with ASTM D4 172-94. After the test, the average size of the scar of the tested balls 
caused by wear was measured. The results are shown in Tables 4 and 5. The smaller the scar size, the more the oil 
is excellent in anti-wear properties. 
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Table 4 







Inventive Examples 


Comparative Examples 






1 


2 


3 


4 


5 


6 


1 


2 


High-velocity Four Ball Test 
Wear-scar Size 


mm 


0.52 


0.45 


0.51 


0.50 


0.31 


0.57 


0.48 


0.53 


Falex Test Selzuring Load 


lb 


770 


850 


940 


810 


810 


850 


900 


460 



10 



Tabie5 





Inventive Examples 


Comparative Example 3 


7 


8 


9 


10 


11 


12 


High-velocity Four Bali Test 
Wear-scar Size 


mm 


0.55 


0.48 


0.87 


0.54 


0.5 


0.52 


0.48 


Falex Test Seizuring Load 


lb 


810 


770 


810 


740 


770 


800 


900 



2) FALEX test 



[0121] The selzuring load of each of sample pieces was measured by FALEX test in accordance with ASTM D3233 
(A method). However, the test was conducted at room temperature- The results are shown In Tables 4 and 5. The 
larger the load r the more the oil Is excellent in anti-seizuring properties. 

3) Valvetrain wear test 

[0122] A valvetrain wear test was conducted in accordance with JASO M 328-95 so as to measure the locker arm 
pad scuff area, and the quantities of wear of the locker arm and cam, respectively. Table 6 shows the results obtained 
using the lubricating on compositions of Inventive Examples 12 and 13 and Comparative Example 3. 



TaWe6 



JASO KA24E Valvetrain Wear Test 


Inventive Exampla 12 


Inventive Example 13 


Comparative Example 3 


Locker Arm Pad Scuff Area 


% 


2.8 


2.8 


2.9 


Locker Arm Wear 


lim 


2.3 


2.4 


2.3 


Cam Wear 




2.1 


23 


2.8 \ 



[0123] As apparent from Tables 4 and 5, the lubricating oil compositions of the present invention were extremely 
enhanced in anti-seizuring properties evaluated by the FALEX test, compared with the oil composition of Comparative 
Example 2 which is free of Components (A) and (B). Furthermore, the lubricating oil compositions off the present in- 
vention exhibited significantly improved anti-seizuring properties. Particularly such effects are significant when the ratio 
of Components (A) to (B) Is within the range of 0.3 to 2 like the lubricating oil composition of Inventive Example 3. With 
regard to the anti-wear properties evaluated by the high-velocity four-boll test, the oil composition of Inventive Example 
5 containing ZP. ZMTP, and 2DTP was extremely enhanced in anti-wear properties. 

[0124] As apparent from the results In Table 6, the lubricating oil compositions of Inventive Example 12 and 13 
exhibited anti-wear properties which are equivalent to or better than the oil composition of Comparative Example 3. 
Therefore, the lubricating oil composition of the present invention was found to be excellent in anti-wear properties in 
the moving valve system in an actual engine. 

(6) Fuel efficiency evaluated by an engine-motoring test 

[0125] An engine-motoring test was conducted using a 4-varve DOHC engine having a sliding cam/follower contact 
with a displacement of 1 500 oc at oil temperatures of 80 °C and 95 °C and at a rotation speed of 750, 1 ,000 and 1 ,500 
rpm, respectively. The compositions of Inventive Example 11 and Comparative Example 3 were used and evaluated 
based on the result of Comparative Example 3. The results are shown in Table 7. 
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Table 7 



Motoring Torque Decreasing Rate 


Inventive Example 11 


Comparative Example 3 


80°C,750rpm 


% 


3 


reference 


80°C, 1000rpm 


% 


1 


reference 


80°C, 1500rpm 


% 


0 


reference 


95°C, 750rpm 


% 


8 


reference 


95°C. lOOOrpm 


% 


6 


reference 


95°C, 1500rpm 


% 


1 


reference 



[0126] As shown in Table 7, the lubricating oil composition of Inventive Example 11 was found to be excellent in 
engine torque decreasing rate and particularly in fuel efficiency at an elevated temperature and at a low rotation speed. 

Inventive Examples 14 to 19 and Comparative Example 4 

[0127] The inventive lubricating oil compositions of Inventive Examples 14 to 1 9 were prepared in accordance of the 
formulations shown in Table 8. The high-temperature detergency of each of the compositions was evaluated in terms 
of (1) the change of total base number with the lapse of time in aocordanoe with ISOT and (4) high-temperature de- 
tergency evaluated by a hot tube test The results are shown in Table 8. 
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Table 8 





Inventive Examples 


14 


15 


16 


17 




Hydrogenatated-refining Mineral Oil 1 > 


residue 


residue 


residue 


residue 


re* 


(A) ZP 2 > 

Amount in terms of Phosphorus 


mass% 
mass% 


0.8 
(0.08) 


0.6 
(0.08) 


0.6 
(0.08) 


0.6 
(0.08) 


i 

(C 


(B)ZDTP3) 

Amount in terms of Phosphorus 
Amount in terms of Sulfur 


mass% 
mass% 
mass% 


- 


- 


- 


- 


I 

(C 

(c 


(C) Ca Salicylate 4 > 

Amount in terms of Ca 


mass% 
mass% 


11.3 
(0.26) 




- 


2.0 
(0.04) 


1 

(t 


(C) Ca Salicylate 9 

Amount in terms of Ca 


mass% 
mass% 




6.3 
(0.26) 








(C) Ca Salicylate *) 

Amount in terms of Ca 


mass% 
mass% 






4.2 
(0.26) 


3.9 
(0.24) 




(D) Ashless Despersarrt 7 > 


mass% 


5.0 


5.0 


5.0 


5.0 


t 


(E) Oxidation Inhibitor 


mass% 


2.0 


2.0 


2.0 


2.0 




Other Additives 

Viscosity Index Improver 9) 
Anti-emulsifier 10 > 


mass% 
mass% 


4.0 
0.01 


4.0 
0.01 


4.0 
0.01 


4.0 
0.01 


c 


Total Sulfur Content in Compositiun 


mass% 


0.01 


0.01 


0-01 


0.01 


c 



1) aromatic content 1.2%. sulfur content 10 mass ppm. kinematic viscosity at 100 ° : 5.6 mm 2 /s, viscosity index: 125, NOACK evaporation loss: 8 mass % 

2) a compound of formula (1) wherein Y** is zinc, an of X 1 to X 4 are oxygen, and R 1 to R 4 are butyl 

3} a compound of formula (3) wherein Y 2 is zinc, and R 21 to R 24 are 2-etrrylhaxyl (phosphorus content 8.0 mass %. sulfur content 18.0 mass %) 

4) Ca content 2.3 mass %, total base number 70 mgKOH/g, metal radio: 1 .0, 

5) Ca content 4.15 mass %, total base number 120 mgKOH/g. mete! ratio: 1.8 

6) Ca content 6.2 mass %. total base number 170 mgKOH/g, metal ratio: 2.7 

7) a mixture of potybutenyl suoctnkvilde (bis-type, number-average molecular weight of polybutenyt 1300, nitrogen content: 1 J5 mass %) and a boric add mod? 
8} octyKH3.MI-t-butym^ and a fKyidi phenyl ami r>e (1:1) 

9} OCP average molecular weight 1 50,000 
10) polyalkyiene glycoi-based 



a 



m 



Table 8 (continued) 



8 





Inventive Examples 




14 


15 


16 


17 




Total Base Number Remaining Rate after ISO Test (150°C) (HQ 














method) 














after 48 hours 


% 


82 


76 


71 


79 




after 125 hours 


% 


62 


56 


54 


65 




Hot Tube Test (Grade:10=Best) 290°C 




10 


10 


10 


10 




300°C 




10 


10 


10 


10 




310°C 




10 


10 


8 


10 




320°C 




5 


2 


0 


2 
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[0128] As apparent from th© results in Table 8, the compositions containing Component (A) and a metal detergent 
in combination (Inventive Examples 14 to 19) exhibited enhanced base number maintaining properties and excellent 
high-temperature detergency. Particularly, significantly improved base number maintaining properties and high-tem- 
perature detergency can be obtained using an alkaline earth metal salicylate having a total base number of less than 
150 mgKOH/g (Inventive Examples 14 and 15) or a combination of an alkaline earth metal salicylate having a total 
base number of 150 mgKOr-Vg or more therewith (Inventive Example 17). The compositions containing Components 
A and B exhibited excellent high-temperature detergency when used in combination with a detergent which is an 
alkaline earth metal salicylate having a total base number of less than 150 mgKOH/g (Inventive Examples 18 and 19). 
Whereas, the composition containing no Component (A) but Component (B) (Comparative Example 4) was poor in 
base number maintaining properties and particularly high-temperature detergency even used together with an alkaline 
earth metal salicylate having a total base number of less than 150 mgKOH/g. 

Inventive Examples 20 and 21 and Comparative Example 5 



15 [Q129] The inventive lubricating on compositions of Inventive Examples 20 and 21 and Comparative Example 5 were 
prepared in accordance with the formulations shown in Table 9. Each of the compositions were subjected to NOx 
absorbing test so as to evaluate the change of total base number with the lapse of time. The results are shown in Table 9. 



Table 9 





Inventive Examples 


Comparative Example 5 






20 


21 




Hydrogenatated-refining Mineral Oil 1 ) 


mass% 


residue 


residue 


residue 


(A)ZP 2 > 


mass% 


0.6 


0.3 




Amount in terms of Phosphorus 


mass% 


(0.08) 


(0.04) 




(B)2DTP3) 


mass% 




0.55 


1.1 


Amount In terms of Sulfur 


mass% 




(0.08) 


(0.16) 


(C) Ca Salicylate 4 > 


mass% 


2.0 


2.0 


2.0 


Amount in terms of Ca 


mass% 


(0.04) 


(0.04) 


(0.04) 


(C)Ca Sulfonate 5) 


mass% 


2.0 


2.0 


2.0 


Amount in terms of Ca 


mass% 


(0.24) 


(0.24) 


(0.24) 


Amount in terms of Sulfur 


mass% 


(0.03) 


(0.03) 


(0.03) 


(D) Ashless Despersant B ) 


mass% 


5.0 


5.0 


5.0 


(E) Oxidation Inhibitor 7 ) 


mass% 


2.0 


2.0 


2.0 


Other Additives 










viscosity Index Improver 


mass% 


4.0 


4.0 


4.0 


Anti-emulsrfier 9) 


mass% 


0.01 


0.01 


0.01 


Total Suiter Content in Composition 


mass% 


0.04 


0.12 


0.20 


Total Base Number Remaining Rate after NOx 










Absorbing Test (135°C) (HQ method) 










after 10 hours 


% 


92 


83 


65 


after 48 hours 


% 


65 


40 


17 
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mass % 

2) a compound of formula (1 ) wherein Y 1 to zinc, all of X 1 to X 4 are oxygen, and R 1 to R 4 are butyl (phosphorue content 13.2 maaa %) 

3) a compound of formula (3) wherein Y 2 Is zinc, and R 21 to R 2 * are 1 .3-dlmotHylbutyl (phosphorus content: 7.2 mass %, sulfur content 14.4 mass %) 

4) Ca content 2.3 mass %, metal ratio: 1.0, total base number 70 mgKOH/g 

5) Ca content 1 2S> mesa %, metal ratio: 10.0 , total base number: 300 mgKOH/g, sulfur content 1.2 mass % 

6) a mixture of polybutenyl succtnlmWe (bb-type, number-average molecular weight of poiybutenyt 1300. nitrogen content: 1.5 mass %) and a boric 
add modified product thereof 

7) octyt-S-p.S-oT^utyM^ and alkyldlphenylamtne (1:1) 

8) OOP average molecular weight 1 50,000 
9) 
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[0130] As apparent from the results shown in Table 9, the composition containing Component (A) [TP) and the com- 
bination of an alkaline earth metal salicylate having a total base number of less than 150 mgKOH/g and an alkaline 
earth metal sulfonate as metal detergent (Inventive Example 20) exhibited significantly excellent base number main- 
taining properties in the presence of MOx. The composition of Inventive Example 21 further containing Component (B) 

* had extremely excellent properties, compared with the composition of Comparative Example 5 containing no Compo- 
nent (A) but Component (B). It was found that the compositions of inventive Examples 20 and 21 could suppress the 
decrease of initial base number in the presence of NOx. Therefore, when the composition of Inventive Example 13 
wherein only an alkaline earth metal sulfonate as a detergent was used in combination with an alkaline earth metal 
salicylate having a total base number of less than 150 mgKOH/g, the initial decrease of base number of Inventive 

10 Example 13 as shown in FIG. 6 can be extremely decreased. The composition of Inventive Example 13 used in com- 
bination with an alkaline earth metal salicylate having a total base number of less than 150 mgKOH/g exhibits better 
base number maintaining properties, compared with a case of using an alkaline earth metal salicylate only (for example, 
compared with Inventive Example 1 similar composition to Inventive Example 11. shown In FIG. 3, the base number 
remaining rate after 48 hours was about 35 %). Therefore, the compositions of Inventive Examples 20 and 21 can be 

is expected to exhibit more excellent base number maintaining properties evaluated by 1GFE test than the composition 
of Inventive Example 11 in Fig. 6 . 

Inventive Example 22 and Comparative Example 6 

20 [0131] The lubricating oil compositions of Inventive Example 22 and Comparative Example 6 were prepared in ac- 
cordance with the formulations shown In Table 10. Each of the compositions was subjected to the above-described 
high-velocity four bail test and FALEX test and a thermal stability test described below so as to evaluate the properties 
as a hydraulic oil. The results are also shown In Table 10. Thermal Stability Test 

[0132] The total increase of acid number of each composition was evaluated in accordance with J IS K 2540 Testing 
& method for Thermal Stability of Lubricating Oils". That is, 50 ml of a sample oil was taken to a 100 ml beaker. The 
beaker was then place In a thermostat maintained at a temperature of 140 °C for 24 hours. The increase of total acid 
number was obtained by comparing the total acid number of a fresh oil with that of the sample oil diluted with n-hexane 
after the test and filtered through 0.8 pm membrane filter. 



30 Tbble 10 
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Inventive Example 22 


Comparative Example 6 


Hydrogenatated-refining 
Mineral OB 1 ) 


mass% 


residue 


residue 


(A) 2P 2) 


mass% 


0.5 




(B) ZDTP 3) 


mass% 




0.5 


(E) Oxidation Inhibitor 4 ) 


mass% 


0.2 


0.2 


Other Additives 5 ) 


mass% 


0.1 


0.1 


Kinematic Viscosity (40°C) 


mrrrtfe 


45.12 


45.16 


Kinematic Viscosity (1 00°C) 


mm 2 /* 


7524 


7.535 


Total Acid Number 


mgKOH/g 


0.2 


0.2 


Total Base Number (Ha 
method) 


mgKOH/g 


0.03 


0.05 


Element Concentration P 


mass% 


0.05 


0.05 


Zn 


mass% 


0.06 


0.06 


S 


mass% 


0.03 


0.08 



1 ) hydrogenated-reflnlng mineral on, kinematic viscosity at 100°C: 7.5 mmfta, IdnematJc viscosity at 40°C: 45 mm2/s, viscosity Index; 130. aromatic 
content 1 .3 mass percent sulftr content 0.D3 mass percent 

2) a compou nd of formula (1 ) wherein Y 1 Is zinc, all of X 1 to X* are oxygen, and R 1 to R 4 are 2-eftyltexyl 

3) a compou nd of formula (3) wherein Y 2 Is zinc, and R 21 to R 24 are 4-methyl-2-perityl 

4) 2,6HJMert-fcirtyM-buty1 phenol 

5) rust inhibitor (glycerin monoolaate) 
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Table 10 (continued) 





Inventive Example 22 


Comparative Example 6 


N 


mass% 


0 


0 


High-velocity Four Ball Test 
Wear-scar Size 


mm 


0.51 


0.58 


Falex Test Seizuring Load 


lb 


900 


750 


Thermal Stability Test Total 
Add Number Increase 


mgKOH/g 


0.2 


0.5 



[0133] As apparent from the results in Table 10, the composition of Inventive Example 22 exhibited better properties 
evaluated by the high-velocity four ball test and FALEX test than the composition of comparative Example 6 which 
contains no Component (A) and excellent thermal stability. Therefore, the Inventive composition was found to have 
excellent properties as a hydraulic oil. 

[0134] Therefore, the lubricating oil composition of the present Invention which is decreased in ZDTP content or is 
free of ZDTP can maintain excellent anti-wear properties and has significantly excellent base number maintaining 
properties. Furthermore, the lubricating oil composition of the present invention exhibits en excellent high-temperature 
detergency at a temperature exceeding 300 C C and fuel efficiency and thus is a low-sulfur content lubricating oil com- 
position having excellent properties such as long-drain properties and fuel efficiency which oil had not been able to be 
developed. 



Claims 

1. A lubricating oil composition which comprises a lubricating base oil and (A) at least one compound selected from 
the group consisting of compounds represented by formula (1) below and compounds represented by formula (2) 
below: 



wherein R 1 , R 2 R 3 and R 4 are each independently hydrogen or a hydrocarbon group having 1 to 30 carbon atoms, 
X 1 , X 2 , X 3 and X 4 are each independently oxygen or sulfur, but at least one of them is oxygen, and Y 1 is a metal 
atom; and 



(U k l) (2) 



wherein R 11 and ft* 2 are each independently hydrogen or a hydrocarbon group having 1 to 30 carbon atoms, X 11 
and X 12 are each Independently oxygen or sulfur, but at least one of them Is oxygen, U Is a monovalent metal Ion, 
an ammonium ion or a proton, and k 1 Is an integer of 1 to 20. 

2- The lubricating oil composition according to claim 1 which further comprises (B) at least one compound selected 
from the group consisting of compounds represented by formula (3) below and compounds represented by formula 
(4) below: 
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R2 



C\ . S O-R 23 



wherein R Z1 , R 22 , R 23 , and R 24 are each independently hydrogen or a hydrocarbon group having 1 to 30 carbon 
atoms, and Y 2 is a metal atom; and 



k *) (4) 



wherein R 31 and R 32 are each independently hydrogen or a hydrocarbon group having 1 to 30 carbon atoms, u is 
20 a monovalent metal ion, an ammonium ion, or a proton and K 2 is an integer of 1 to 20. 

3. The lubricating oil composition according to claim 1 wherein Y 1 in said formula (1) and Y 2 in said formula (2) are 
each independently zinc or calcium. 

25 4. The lubricating oO composition according to claim 1 which further comprises at least one additive selected from 
the group consisting of (C) metal detergents, (D) ashless dlspersants, and (E) oxidation inhibitors. 

5. The lubricating oil composition acconfing to claim 4 wherein said (C) metal detergents are at least one selected 
from the group consisting of alkali metal or alkaline earth metal salicylates and alkali metal or alkaline earth metal 

30 sulfonates. 

6. The lubricating oil composition according to claim 5 wherein the total base number of said alkali metal or alkaline 
earth metal salicylates is 150 to 400 mg ROH/g. 

35 7. The lubricating oil composition according to claim 5 wherein the total base number of said alkali metal or alkaline 
earth metal salicylates is less than 150 mgKOH/g. 



• The lubricating oil composition according to claim 5 wherein the total base number of said alkali metal or alkaline 
earth metal salicylates Is less than 100 mgKOH/g. 

9. The lubricating oil composition according to claim 5 wherein said (C) metal detergent Is a mixture of an alkali metal 
or alkaline earth metal salicylate having a total base number of less than 150 mgKOH/g and an alkali metal or 
alkaline earth metal salicylate having a total base number of 1 50 to 400 mgKOH/g. 

45 1 o. The lubricating oil composition according to claim 5 wherein said (C) metal detergent is a mixture of an alkali metal 
or alkaline earth metal salicylate having a total base number of less than 150 mgKOH/g and an alkali metal or 
alkaline earth metal sulfonate. 



11. The lubricating oil composition according to claim 1 which is used for an Internal combustion engine. 

12. The lubricating oil composition according to claim 1 which is used for an internal combustion engine using low- 
sulfurtzed fuel of 50 mass ppm or less. 

13. The lubricating oil composition according to claim 1 which is used for a gas engine. 

14. The lubricating oil composition according to claim 1 wherein the sulfur content Is 0.005 percent by mass. 

15. The lubricating oil composition according to claim 1 wherein the sulfur content Is 0.3 percent by mass. 
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FIG. 5 
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